Infectivity of dried coliphage Ti has been measured as a function of humidity, temperature, and atmospheric pressure. Loss of infectivity by a factor of 104 was caused by water vapor of approximately 40 to 85% saturation when the microorganisms were kept for 3 days at 34 C in evacuated containers. At humidities below 40% and above 90% saturation, no loss of infectivity occurred. At a temperature of 24 C, the infectivity loss was 20-fold. When the virus preparation was kept at 34 C and atmospheric pressure, some loss of infectivity was also found at humidities below 40% and above 90% saturation. Damage to tail proteins or to the phage chromosome is considered as a possible explanation for the inactivation.
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Dried films of coliphage Ti have been used for measurements of ionizing radiation in the laboratory (10) and of solar ultraviolet radiation in space (15) . Particularly the space-borne experiments have raised the question of the influence of humidity on the survival of unirradiated transport and laboratory controls. Sampling of airborne bacteria has also shown significant variations of collected bacteria at different relative humidities (11). Humidity was described as one of the main factors of the aerial environment affecting the survival of microorganisms (12) . Such (1:10) of the phage in beef extract were prepared. Portions (0.5 ml) of each dilution were mixed with 4 ml of a suspension agar and 0.5 ml of a diluted (1:10) suspension of E. coli B cells grown overnight in twofold concentrated beef extract at 37 C. A 2.0-ml sample from each resulting suspension was pipetted on base agar. Two 10-cm petri dishes were seeded per dilution. The petri dishes were incubated at 37 C for approximately 5 hr. Whenever possible, titers are based on at least 100 plaques per petri dish.
Composition of media. Suspension agar contained 274 X 103 M NaCl, 33 X 103 M glucose, 14 X 10r3 M sodium citrate, 2.0 g of tryptone (Difco) per 100 ml, 1.2 g of agar (Difco) per 100 ml, adjusted to pH 6.6 to 6.8. Base agar contained 137 X 10-3 M NaCl, 7 X 10-3 M glucose, 7 X 1I-M sodium citrate, 1.3 g of tryptone per 100 ml, 1.0 g of agar per 100 ml, adjusted to pH 6.9 to 7.0. The media were sterilized in an autoclave. F-14A beef extract was prepared as described elsewhere (23) . Drying and resuspending of microorganisms. Samples (0.01 ml) of phage lysate were seeded on small plastic-coated autoclaved aluminum plates with circular depressions (4.5 mm diameter) by use of an AGLA micrometer syringe (Burroughs Wellcome & Co., London). Three aluminum plates were placed in each of three to four desiccators, with volumes of 9,300 ml, which served as containers for the experiments. Table 1 ). Some variation of the controls is apparent, and the differences of the average titers are within a factor of 4. The experiments were performed during the course of 1 year, and a slight decrease of the titer of the phage suspension may account for the variation. 6 Given in PFU; each unit was seeded with 108 PFU.
c Expressed relative to controls kept at 4 C. Figure 1 shows phage inactivation depending on humidity, temperature, and atmospheric pressure. The infectivity at 0% saturation of each humidity survival curve represents the total of all corresponding temperature controls. In vacuo, infectivity was not reduced by humidity from approximately 0 to 45% saturation (Fig. 1,   curves A and B) . In the range from approximately 45 to 85% saturation, a sharp reduction of infectivity by a maximum factor of aproximately 104 was observed in vacuo at 34 C. Little inactivation was found when the humidity was further increased. Curve B represents data from experiments done at 24 C in vacuo and shows a pattern similar to curve A. Maximal loss of infectivity by a factor of 10" was observed at 70% saturation. When the humidity was further increased, there was no loss of infectivity. Admission of air to the containers prior to injection of water resulted in loss of infectivity at 30% saturation, as shown by curve C. Showing a steady loss of infectivity with increasing humidity, curve C joins the down- 
DISCUSSION
Inactivation of airborne viruses at various relative humidity (RH) levels has been described (2, 7, 13, 17, 21) . Comparing the survival at 10 and 90% RH, Newcastle disease virus and vesicular stomatitis virus survived better at 10% RH, whereas coliphage T3 showed higher survival at 90% RH (17) . Survival of coliphage T3 in aerosols was significantly reduced by RH below 70% (7) . Airborne coliphage Ti was rapidly inactivated at 85% RH, whereas survival was relatively high at 30 and 55% RH (13) . These results agree with the data described in this report. At lower humidities, coliphage TI was found more stable than coliphage T3 in air (13) . Aerosols of pigeon pox and Rous sarcoma viruses showed rapid inactivation of Rous sarcoma virus by RH below 80% (21) . Survival of pigeon pox virus was only slightly affected by humidity. A lethal effect of various ranges of RH for several bacterial species has also been described (3, 16, 19, 20, 22, 24) . E. coli JEPP was rapidly inactivated in aerosols by 90 to 82% RH (5). When aerosols of E. coli B were kept at low RH levels in a nitrogen atmosphere, survival was higher than when the cells were suspended in air (6) . These data indicate that the lethal effect of humidity for microorganisms is a complex phenomenon. Survival depends on the species of the microorganism(s), the temperature, and the composition of the environmental atmosphere.
The mechanism of this inactivation is unknown and its explanation invites speculation. Surface denaturation of enzymes, toxins, and T-coliphages by exposure to "unbalanced forces" existing at gas-liquid interphases has been described (1 other cations has earlier been described (14) , and a possible effect of humidity on cations associated with viruses should be considered. The spectroscopic studies mentioned above showed characteristic shifts of absorption bands with RH as well as dichroism of the DNA-salts at RH above 90%. At this humidity level, the bases are arranged perpendicular to the DNA axis. With decreasing humidity, transition to an increasingly disordered form concurred with decrease of dichroism. Total loss of dichroism was found at an RH of 49%. This may indicate an important influence of humidity on viral DNA structure and infectivity. However, all spectroscopical changes were reversible, whereas the loss of infectivity appeared to be irreversible. Additional studies are therefore needed to throw more light on the mechanism of the lethal effect of humidity for microorganisms. 
